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Abstract 
 In a student-centered education, the engagement of students in learning opportunities is 
of paramount importance. Integrating games in the learning context, a strategy known as 
Digital Game-based Learning, is a way to align the pedagogical goal with the learning 
style of the generation whose members can be characterized as digital natives. However, 
the acquisition of knowledge and the changes of the learning attitudes remains the prin-
cipal aim in a classroom context.  
In this thesis we equip two Digital Game-based Learning environments, namely Alice 
and Greenfoot, in a classroom setting to teach Object Oriented Programming Fundaments 
Concepts in high school.  We provide the evaluation protocol used in this experiment and 
the results with respect to the two DGBL tools’ competency to serve the learning objec-
tive goals and motivate students through the process of learning.   
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1 Introduction 
Even though many years have passed since jobs somehow related with computer science 
discipline were predominant in the job market, software developers are among the most 
sought-after employees in the IT job market and in the business world, in general. More 
specifically, according to the Bureau of Labor Statistics (http://www.bls.gov/ooh/ ),  
“software developers are projected to grow 24 percent from 2016 to 2026, much faster 
than the average for all occupations. Software developers will be needed to respond to 
an increased demand for computer software.”   
According to the same report, software developers are ranked in the first places of pay-
ment with a median annual wage for software application developers to be $100,080 in 
May 2016 and for system software developers, $106,860 in May 2016. 
In light of this evidence and bearing in mind the hard conditions in economy since the 
global recession in 2009 and the ensuing problematic conditions in the labor market, with 
a high percentage of unemployment rate and a declining economic activity, one would 
expect CS discipline to be at the center of the interest among students. Unfortunately, the 
hard facts show that programming is considered to be a difficult task and the high dropout 
rates reported in Computer Science courses reflect this belief among students.  (Robins et 
al., 2003) 
As claimed by (Matthews, 2014), there was a decline in dropout rates of full-time UK 
students doing a first degree in England, in 2011-12. This dropout rate was 6.6%, but not 
for computer science students. The percentage of the students who decided to quit SC 
courses in 2011-2012, was up to 11%. 
In the same article, the author points out that  
“A detailed breakdown of the figures shows that software engineering has a particularly 
poor retention record, with nearly 17 per cent of students dropping out after the first 
year.“ 
In a more recent publication, similar facts were reported (O'Brien et al., 2016) with au-
thors concluding that,  
-8- 
“About one-third of computer science students across all institutes of technology are 
dropping out after first year in college. These rates reached as high as 70 per cent in 
some individual IT courses.”. 
Moreover, 57% of the students attending college courses for computing in Business is 
reported as a non-progression rate. The terms do not necessarily mean that the students 
dropout the courses. They either move to another course or they have differed.  Finally, 
they stress that  
“There is acute concern over non-progression rates in computer science courses, given 
a severe skills shortage in the information and computer technology (ICT) sector.” 
There is a reasoning for the difficulties students faced in their efforts to excel in program-
ming courses. The most common is the advanced cognitive skills like abstraction or prob-
lem solving that must be applied in order to develop quality programming solutions (Or-
Bach & Lavy, 2004; Milne & Rowe, 2002). Moreover, building these cognitive models 
must precede any attempt to write code (Robins et al.,2003). Among others causes, the 
lack of strong motivation because of the general belief that programming is difficult, the 
teaching approach used and the language selection in the introductory phase (Jenkins, 
2002; Gomes & Mendes, 2007) are contributing factors adding to the general perception 
that programming is either difficult or dull. Students become impatient very soon, as of 
their nature, they are looking for fast results. The truth is that, in order to become an expert 
programmer, a period of 10 years is required (Winslow ,1996). Finally, the fact that some 
students enter university without having understood the fundamental concept of program-
ming is indicative for the gap that exists between a bachelor’s degree and the high school 
curriculum. (Sugianto & Wiradinata, 2012). 
Currently, Object-Oriented Programming (OOP) is one of the foundation courses in all 
universities, regardless the CS discipline they provide. (Jie et al., 2010). The necessity for 
any student in CS to attend an Object-Oriented Programming course, even an introductory 
one, is undisputed.  The obvious reason behind this is that Object Oriented Paradigm is 
the prevailing paradigm in industry and in the business world and thus a required software 
development skill for any developer entering the computer tech market. (Depradine, 
2012; Kölling, 1999). 
In fact, abstraction and problem solving, the prerequisites for someone to practice OOP, 
are essential skills for all students and not only for those who major in the CS discipline. 
These skills are listed as the most crucial 21st century competences, among others like 
  -9- 
creativity, collaboration, critical thinking, risk taking or learning to learn (Voogt & 
Roblin, 2012) in many international frameworks of curriculum representation. Thus, it is 
an imperative need for education to facilitate the possession of these skills.    
Advocative to the above is the introduction of Computational Thinking(CT) as a skill that 
secondary education must promote. The term was introduced by (Wing, 2006) and since 
then opinions have been raised and vivid discussion has taken place. CT according to 
(Wing, 2011)  
 “is used in the design and analysis of problems and their solutions, broadly inter-
preted.” 
In the same article, the author claims that abstraction is the core element of computational 
thinking because,  
 “abstraction is used in defining patterns, generalizing from specific instances, and pa-
rameterization. It is used to let one object stand for many. It is used to capture essential 
properties common to a set of objects while hiding irrelevant distinctions among them.” 
The early exposure in problem solving and abstraction is proposed in the same article as 
a countermeasure not only for properly preparing students to enter CS courses, but also 
to allure the interest of students in a field abounding with opportunities.   
An instructional strategy that has been used for easing students’ burden during acquisition 
of advanced intellectual skills in many colleges and universities, is the adoption of digital 
games during the teaching process. The same applies for many tutors in secondary edu-
cation. This technique is called Digital Game-Based Learning (DGBL) and refers to the 
integration of digital games in the classroom context. Currently, the term includes “stand-
alone learning environment that can address to various levels of learning needs” (Huang, 
2013) or platforms used for students to design their own games. The term also refers to 
Serious Games(SR) whose principal aim is not to provide entertainment, but to facilitate 
learning that occurs during “the interaction of a player with the mechanics of a game” 
(Jaipal-Jamani & Figg, 2018).    
On the one hand, the advantages of the intervention of DGBL tools in the classroom, 
especially for teaching Object-Oriented Programming paradigm, are enough for someone 
to support this strategy as a means for early exposure to the OOP discipline. Firstly, and 
more importantly, digital games are a well-known domain to “digital natives”, who were 
born and raised using technological artifacts. Learning and applying newly acquired 
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knowledge in an environment that it is considered familiar helps them to focus on the new 
concepts taught. Secondly, in digital games there is an abundance of objects and interac-
tions between them. In most cases these objects are representations of real world objects. 
Visualization of these objects is helpful for students to understand the mechanism of cre-
ating and manipulating objects, the hierarchy between classes, the inheritance relationship 
and how these objects interact with each other. Moreover, monitoring the execution of 
the code in real time context and the instant feedback provided by these kinds of environ-
ments, makes students able to procced with adjustments in their solution on their own, 
and take risks in order to find the most optimal solution. Finally, the majority of the 
DGBL tools, either games or game development platforms, hide the code. They usually 
provide a block-based language; hence students are not exposed to the syntax of a text-
based language in the early stage.  
On the other hand, the practitioner who decides to equip DGBL in his/her classroom must 
be aware of the risks. The most crucial is that a digital game could be perceived by stu-
dents as a means of enjoyment and not as a means of learning. So, for serving the purpose 
of teaching, the practitioner must be quite confident that he/she has chosen the appropriate 
DGBL tool. At the same time, playing a game is not a preferable habit to all students in a 
classroom. For many years now, researchers strive to answer the questions about the way 
and the extent to which the adoption of digital games in curriculum terms can be benefi-
cial for students and tutors.    
The empirical research presented in this thesis investigates the efficiency and effective-
ness of two well-known DGBL tools, Alice and Greenfoot, in the context of real school 
settings. We used the two DGBL environments in senior high school context, in a voca-
tional school (Επαγγελματικό Λύκειο) in Greece, for teaching Object Oriented funda-
mental concepts. Alice and Greenfoot are proposed in the Greek framework of curriculum 
representation as programming environments suitable for high school students. We pre-
sent the results of the study in terms of their capacity to facilitate concrete educational 
purposes, motivate and engage students in a way that not only could improve their per-
formance but also have a positive impact in changing their learning attitudes.   
Moreover, we implement a new scale, which is used in the current experiment, for the 
evaluation of DGBL competencies, as they were defined in the previous paragraph. The 
theoretical context used for the evaluation of our results is based on the Keller’s ARCS 
motivational model. Finally, the implemented scale is the result of the adaptation of the 
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GUESS scale, a game quality assessment scale, for serving the needs of evaluating a 
DGBL tool.  
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2  Related work 
 Surveying literature needed for this study we concluded in a plethora of publications for 
the adoption of DGBL in education. In this chapter we will present the ones whose find-
ings inspire, guide us and finally lead us to the execution of our experiment.  
A mapping of the available tools employed by Digital Game-based Learning for the in-
troduction of programming to novice students, was presented in (Li & C.Watson et al., 
2011). The authors in their study identify three different learning approaches to convey 
programming concepts, facilitated by the available DGBL environments. 
The first is authoring a game. In general, students are using the environment/tool to de-
velop a game. There are many alternatives to this method. The game-themed assignment 
may include constructing a game from scratch, completing a partial implementation or 
modifying an existing game. This technique provides the student with an opportunity for 
an in-depth understanding of the subject taught, enhance his/her confidence and self-be-
lief and finally gives him/her a feeling of an overall satisfaction for his/her accomplish-
ment. Students, in order to develop their games, use their knowledge, test their under-
standing, evaluate their creativity and compare their projects with the ones of the other 
“developers”, thus a healthy competition is established in the classroom among them. 
Furthermore, the implementation of something meaningful sustains their engagement to 
the aim and activates their imagination, creativity and initiative. 
This kind of environment uses 2D or 3D dimensional micro-worlds, usually easing pro-
gramming by a block-based language to reduce the burden of mastering language syntax 
from the beginning.  In the same time, a variety of multimedia features -audio and visual- 
is provided for the students to express themselves by developing a quality product. In 
most of these tools instant visualization and feedback is provided by the environment, 
helping students to immediately evaluate their problem-solving skills and take risks.  In 
addition, students practice their social skills as they work in a team or P2P, collaborating 
with each other, competing, and even managing and resolving conflicts. All the previ-
ously mentioned skills are included, according to (Romero et al., 2014) in the desirable 
qualities that students must develop to face future challenges, and education must accord-
ingly promote, in order to help students to be prepared to enter the job market.  
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Among these tools Alice, Scratch, GreenFoot and Second Life have been employed by 
teachers and instructors from primary school to college and universities for teaching pro-
gramming. There will be a presentation of literature review regarding Alice and Green-
foot in the next chapter, since we decided to equip these two environments for the needs 
of our experiment.      
The second approach is playing a game. This category includes well known games as 
LightBot (http://lightbot.com/hour-of-code.html ), Catacombs, e.t.c, proprietary games 
developed by researchers in universities and even commercial games such as Minecraft 
(https://minecraft.net/en-us/ ). These games usually target a specific concept to be 
learned. Using the characteristics of a commercial off-the-shelf game, they aim to gain 
the emotional and cognitive enrollment throughout a procedure which consists of a series 
of adventures. Any of these adventures is related to a specific learning goal. By employing 
a system of rewards, the user finds incentives to go further each time he/she completes a 
specific mission. Usually this kind of software places a smaller emphasis on coding. A 
systematic review of games used for teaching computing in higher, primary and second-
ary education can be found in (Battistella & Wangenheim , 2016; García-Peñalvo, et al., 
2016). 
The third approach includes the environments which merely allow the student to observe 
the effects of his/her coding. According to the authors, one can neither categorize them 
as authoring tools, as student do not have the ability to construct his/her own game, nor 
as games as they lack a rewarding system. They facilitate visualization of the code exe-
cution, which is limited in predefined function (Watson & Li et al., 2011; Bierre, et al., 
2006; Anderson & McLoughlin ,2007).   
After scrutinizing publications, we found that authors in (Krassmann et al., 2015), sug-
gested that there is clearly a growing trend among researchers for affirming that DGBL 
may contribute not only as a means to support knowledge and skill acquisition, but also 
to bring about changes in students’ learning attitudes. Serious games for education can be 
used for retaining students focus on the pedagogical aim and engage them in a meaningful 
activity, as, during these activities, they must serve their new identities. Moreover, DGBL 
facilitates the alignment of the education with the digital natives’ learning style.  
Despite that fact, for an experiment to lead to sustainable and reliable conclusions, a 
framework for conducting the experiment and evaluating the results is necessary. In the 
same study, authors observe that despite the upsurge in interest for these innovative 
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approaches in learning, most publications fail to validate their results in an objective man-
ner. They claim that, only in a few of them, the evaluation and validation of the pedagog-
ical aspect of serious games is measured by a clear method. Most of them lack metrics 
and processes that would formally confirm the efficacy of the Serious Games, and thus 
motivate teachers to integrate games in the learning context.  
In search of publications regarding DGBL, authors concluded in a Systematic Map-
ping(SM). In the SM they included those publications in which researchers evaluate in an 
obvious way, the influence of Serious Games, in terms of their capacity to increase the 
learning level of the students. They excluded from the SM those researches which alt-
hough they integrate Game Based Learning tools, none of them was digital nor related to 
technology somehow. More specifically the SM question definition was, 
 “What methods and/or techniques are being used for evaluation of serious games ap-
plications for game-based learning purposes in higher formal educational computer 
science context?”  
Computer science is chosen as the students attending this discipline are more familiarized 
with networks and digital games, hence more demanding users.  
Authors in their Systematic Mapping eventually identify a small number of papers which 
provide in a clear manner the results of their experiments, regarding DGBL in the com-
puter science field. We summarize below the assemblage of the SM. 
  
1.Comparative study between traditional teaching methods and the ones based on 
games.  
Authors in (Cheng & Su ,2011) carried out an experiment in order to evaluate the efficacy 
of DGBL against the traditional approach which consisted of practices and lectures. The 
subjects were students attending in a system analysis course and they were divided in two 
groups. The one undertaking the traditional teaching was the control group. The evalua-
tion method was based on the ARCS (Attention, Relevance, Confidence, and Satisfac-
tion) model (Yue & Abdullah ,2015; Kim & Lee , 2015) and implemented through a 
quasi-experimental approach. The experiment focused on the motivational factor and not 
the cognitive influence of the DGBL. The results indicate that students’ motivation gained 
from the adoption of DGBL, had a significant impact on student’s learning skills, allow-
ing the assertion that DGBL can anchor learners in their effort to achieve pedagogical 
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goals better than traditional lectures and exercises. Moreover, it can enhance teachers in 
their effort to enrich syllabi and assessments.  
 
2. Comparative study between different serious games using the same method. 
In their study (Rais et al., 2011) authors evaluated the acceptability of two different 
DGBL environments in terms of improving Object-Oriented programming concepts un-
derstanding. The subjects were second year university students from computer science 
disciplines. They were divided in three groups and the teaching methods used were the 
conventional ones for the one group, including books and /or laboratories, and for the 
other two groups two DGBL environments were used: Alice 2.0 and GAPS 1.0*. The 
evaluation model used was a questionnaire based on Goal Question Metric (GQM) (Basili 
et al., 1994). The research concluded that joining games with online tutorials is the most 
preferable option of learning among the students. Alice 2.0 had better results based on the 
usability test, against GAPS 1.0 and traditional teaching. Moreover, the study aimed to 
highlight the more challenging topics in OO Programming.  The study affirms that inher-
itance, polymorphism and abstraction are the weakest topics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*GAPS 1.0 (Game-Based Approach to Support Programming Skills), 2D game that trains basic programming 
skills, as 'object' and 'class', developed by a group of undergraduate students for their BSc (Hons.) 
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3. Comparative study regarding the level of content understanding before and after 
playing the game - Analysis of cognitive advances.  
Authors register four different publications regarding the particular topic. While each of 
the four studies targeted different learning objectives, all of them were related to the pro-
gramming discipline. More specifically, the authors in (Karapinar et al., 2012) used the 
game Path Finder in order to assist the students' comprehension of the "pointers" content. 
They concluded that students who successfully completed the game were the ones to pass 
the examination process, conducted after the game play. On the contrary, students who 
failed in the game, failed in the examination likewise. In addition, the study gave evi-
dence, according to the authors, that using games in curricular terms not only strengthens 
comprehension of the concept taught by the students, but they can also be used as an 
alteration of the classic evaluative tests.  
Authors in (Zhang et al., 2013) integrated games to bolster students’ understanding of the 
inheritance concept in Java language. For the evaluation of their experiment, they 
equipped pre and post tests and a set of questions. The study indicated that students with 
good grades manage to improve their performance by playing the game and, in the same 
time, they expressed an overall satisfaction. 
  In the third publication (Raman, et al., 2014), authors use CyberCIEGE game scenarios. 
The evaluation method used was again a questionnaire consisting of questions related to 
cybersecurity. The students were divided in two groups after attending a regular course. 
One of the two groups was immediately exposed to the questionnaire, while the other had 
played the game and then answered the questions. Researchers, after evaluating the results 
of these questionnaire, affirmed the advanced performance of the students who were ex-
posed to the game before answering the questions. Nevertheless, it was pointed out that 
the one group had the obvious advantage of spending more time studying the given topic.  
The last research (Potter et al., 2014) had to do with software quality and inspection pro-
cess. A game was used by the researchers and the evaluation scheme consisted of five (5) 
steps: a) an initial diagnosis; b) pre-test of knowledge; c) use of the game; d) post-test of 
knowledge; e) filling in a questionnaire about the game. The researchers concluded that 
there was an obvious effect of GBL on the learning outcome and a positive emotional and 
motivational impact during the teaching procedure.    
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4. Comparative study between different educational levels for teaching the same 
topic using the same GBL approach  
Researchers in (Hainey et al., 2011) used DGBL approach for teaching requirements col-
lection and analysis. Subjects derived from HE (Higher education = universities) and FE 
(Further Education = college). Two groups of each category of the HE and FE students 
were formulated, with the control groups proceeding with the traditional teaching and the 
experimental groups proceeding either with game play (RCAG) or role-play. Authors 
concluded that on the one hand students from the HE group had shown more positive 
effects from the incorporation of the game, according to the post-tests. On the other hand, 
post-tests failed in providing evidence that this method assisted students from the FE 
group in understanding the concept taught, although they considered the game as a pleas-
ant experience.  
Furthermore, the authors claim that they proved in their experiment, that DGBL per-
formed as good as role-play method and it is a more effective method for teaching than 
the traditional ones which include paper-based case studies for the specific topic. The fact 
that DGBL did not prove to be as effective as the role play method for the FE students 
was explained by the authors as the result of their previous exposure to this technique 
many times in the past. DGBL was something new for them. Finally, and most im-
portantly, authors stress that the generalizability of the effectiveness of DGBL is a matter 
of high importance and must be discussed further. As the author in (Hays, 2005) sup-
ported, to build a game and use it for one subject discipline and confirm the efficacy of 
the game in this area must not lead someone generalizing on the effectiveness of the par-
ticular game neither to all tasks nor to all learners.  
From the SM of their study, authors in (Krassmann et al., 2015) show that, although there 
is a strong interest in using DGBL in curriculum terms, especially in the Computer Sci-
ence discipline and more precisely in teaching programming, there is a lack of a general 
framework and metrics for the validation of the outcomes of these researches. 
Looking closely for publications in regard to the usage of Serious Games specifically for 
teaching Object Oriented Programming, we find a more recent systematic review. Au-
thors in (Abbasi et al., 2017) try to answer three questions:  
‘Identification of SGs developed or incorporated for learning OOP, OOP concepts cov-
ered in those games and programming approaches applied’ 
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Authors indicated that the learning methods mainly used are three: learning by authoring 
a game, learning by playing a game and learning by using game related tools. The study 
resulted in a compilation of researches available in literature in respect of the OOP con-
cept taught, the programming approach, the education level, the game/tool adopted and 
finally the results of these experiments. As far as the teaching approach is concerned, the 
following categories were included in the systematic review: object-first, concept-first, 
game-first, GUI-first, code-first. Authors report that in the same publication mixed meth-
ods were also used.  
The outcomes of this systematic review indicated that, in all these studies, students came 
from the tertiary education. Playing a game was the most preferable method for the re-
searchers, followed by using game related environments to build a game. In both cases, 
studies indicated an improvement in grading, positive effects in understanding the con-
cept taught, a more active participation on behalf of the students, dedication to the task at 
hand and enhancement of problem solving skills as the effect of practicing DGBL. In 
most of the studies, authors recognized the game first approach as the predominant one 
followed by the object-first approach. The two approaches were considered by the re-
searches in these studies as the most efficient for the students to gain cognitive skills. 
Mastering the code-first approach was considered to be less time-consuming for the task 
completion but harder for the students in the beginning. Finally, the SM was not able to 
find evidence that there is a game, or a tool incorporated in a learning process that actually 
covers all the OOP competencies.  
All in all, based on our literature review we have concluded that there is an abundance of 
reports about the embracing of DGBL in computing discipline, notably in the Object-
Oriented programming. There is a variety of methods and approaches, tools or games to 
be integrated into the teaching process. The results show a positive effect in the cognitive 
skills of the students and an overall satisfaction.  
At the same time, although there is a number of studies for the integration of Serious 
Games in universities there is a relatively unexplored area open to research in using 
DGBL in primary and secondary education.  For the needs of the current research, we 
decide to seek the implications of exploiting the competence of DGBL for the purpose of 
teaching Object Oriented concepts in high school. We decided to proceed with a control 
experiment in order to compare two different environments, namely Alice 3.3 and Green-
foot in the classroom.  Before the detailed description of our experiment, we surveyed 
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literature to find the more recent publications concerning the two different tools: Alice 
and Greenfoot. 
2.1 GREENFOOT  
Greenfoot as it was presented by its creator in (Kölling, 2010) is  
“an educational development environment aimed at learning and teaching program-
ming”.  
 
The target audience comprises of 
students aged 14 and up. Greenfoot 
combines a visual and interactive 
interface with a full IDE, facilitat-
ing standard textual java code. Be-
cause the interface is simple and 
easy to use, it has been acknowl-
edged by many publications as an 
appropriate environment for teach-
ing novices object-oriented con-
cepts by creating their own scenar-
ios, as this is a preferable term by 
Greenfoot ’s team over the term 
projects (Doerschuk et al., 2011; 
Begosso et al., 2012; Al-Bow et al., 
2008).  
Figure1 shows the hierarchy visu-
alization of the Actor superclass in 
the particular Greenfoot scenario. Two superclasses are present in all Greenfoot scenar-
ios: the World superclass and the Actor Superclass.  Any other class included in a project 
is a subclass of either one of the two superclasses. Defining a new subclass in the scenario 
results in the appearance of the new class in the class hierarchy. An arrow indicates the 
relationship of each class with the two superclasses. Any instance-object of a class inher-
its properties and methods of its superclass and all subclasses included in the hierarchy 
in-between the two classes.  In Figure1, a new instance of the Tulip class is defined and 
Figure 1:Inheritance in Greenfoot 
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a list of methods that the new instance inherits from the Actor superclass in this particular 
scenario is shown.    
 Furthermore, Greenfoot has been proposed and used in many studies as a tool for the 
transition from the block-based visual programming to text-based programming lan-
guage, namely Java (Chen & Lee et al., 2016; Kölling et al., 2015).  
Greenfoot’s main feature is the students' ability to visually inspect objects and their inter-
action in a two-dimensional environment which makes the comprehension of the OO pro-
graming concepts easier. Students can instantiate an object into the “world”, observe the 
object’s public methods and execute methods. The environment immediately “translates” 
the execution of the code to a visualization in the screen, thus the student is able to inspect 
the effect of the method executed. Encapsulation and inheritance, two of the fundamental 
topics of the Object-Oriented paradigm, are introduced in a visual way. In this way Green-
foot tries to mitigate the difficulty of understanding these concepts, which are hard to 
teach especially to high school settings, because of the demand on behalf of the students 
for high-level abstraction skills, that novices do not yet possess.  
Moreover, students and novices in general do not need to face the strict syntax of a pro-
gramming language until they are ready to go from the “low floor”, Greenfoot’s visuali-
zation and block-based language provided to them, to the “high ceiling”, thus constructing 
more sophisticated scenarios using pure Java programming.   
Greenfoot is recorded in publications as a tool for facilitating Digital Game-based Learn-
ing (Lu Yan, 2009; Abbasi et al., 2017) during the introduction of object-oriented para-
digm. It is not considered to be a game as it lacks game features, for example a rewarding 
system.  It is included in the Games Development Platforms (Doerschuk et al., 2012; Al-
Bow et al., 2008;  Begosso  et al., 2012) used by many teachers and instructors in intro-
ductory courses (CS0, CS1, AP) for  teaching Object Oriented programming in a number 
of universities. The environment, apart from visualization, interaction and multimedia 
features which can engage the student during the implementation of his/her scenarios, 
supports (Kölling, 2010) discoverability, quick feedback, opportunities for social interac-
tion and sharing the programming experiences off and on line, flexibility for using it by 
different groups of students depending on their age and programming experience.    
Finally, Greenfoot can be downloaded for free and is supported by all systems - Windows, 
Mac and Linux. In Greenfoot’s official site there is a collection of already implemented 
scenarios and a vibrant online community offering support to the teachers and instructors 
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that are willing to exploit Greenfoot’s high compelling features while practicing DGBL 
in curricular terms ( https://www.greenfoot.org/home). 
2.2 ALICE  
“Alice is an innovative block-based programming environment that makes it easy to 
create animations, build interactive narratives, or program simple games in 3D.”  
(https://www.alice.org/) 
 
 
 
 
 
 
 
 
 
 
Alice is a graphical environment integrated within a three-dimensional world. As in the 
case of Greenfoot, Alice is included in the category of the Visual Programming Lan-
guages (VPL), which facilitate block-based programming, in contrast to the Text-pro-
gramming Languages(TPL). That particular feature, combined with the 3-D visualization 
environment, makes Alice accepted among expert as the ideal software for “hugging” 
Object Oriented programming teaching, especially for the novice students.   
Figure2 depicts the way that Alice’s visualization environment introduces the hierarchy 
of the classes existing in the particular project. At the top of the hierarchy two super-
classes are present, Scene superclass and Biped superclass. All the other classes are sub-
classes of the Biped superclass. Any instance of Biped class inherits the properties and 
methods of its superclass. In the particular scenario the developer defines two additional 
methods in the Biped superclass, salutation and mySkills. Users can define any number 
Figure 2:Inheritance in Alice 
-22- 
of new procedures, functions or properties for a class. Any subclass inherits methods and 
properties of its superclass and all subclasses in between them. For the project illustrated 
in Figure2, the IceSkater class inherits all methods- procedures and functions - and prop-
erties that are defined by its superclass Biped. In addition, three new procedures are de-
fined for the IceSkater class, slideLeft, slideRight and skate. Any object of the IceSkater 
class inherits all the methods from its superclass Biped plus the ones defined by the de-
veloper in the class.   
Alice is also considered to be a Game Development Platform for implementing educa-
tional stories/Serious games. Alice’s high compelling features, including multimedia and 
instant visualization in a 3D world and the fact that the beginners in programming do not 
have to deal with syntax in a primitive stage, sustains a positive impression about pro-
gramming in the long run, contributing in the acknowledgement of Alice in many publi-
cations as a tool to accomplish the educational needs of a digital native’s society. The 
understanding of the Object Oriented fundamental concepts like object, class, inheritance, 
abstraction by implementing games/stories in which students allow to express their inter-
ests and ideas and in the same time being engaged to something creative, is considered to 
be a first-good step in acquiring a profession in programming area later (Sugianto & 
Wiradinata, 2012; Florea et al., 2016).  
Since the release of the platform, Alice has been used as a learning tool for at-risk students 
– those who do not demonstrate success in math and /or have no previous experience in 
programming- underserved or underrepresented students, that is female students, as well 
as for introductory courses in colleges and universities (S. Cooper et al., 2000; Moskal et 
al., 2004; Al-Linjawi & Al-Nuaim, 2010). Researches have proved that the visual envi-
ronment of Alice was perceived by the learners as an effective way to engage them in the 
learning process (Anniroot & de Villiers, 2012 ; Florea et al., 2016). Visualization and 
instant feedback provided by the platform facilitate the individual monitoring of the task 
completion and the progress by each student and anchor them through the process of 
overcoming the challenges faced within the object-oriented programming.  
In addition, authors in (Dann et al., 2012) provide evidence for using Alice as a mediating 
transfer to Java language. More specifically, they build a badge for transferring the Alice 
program directly into Java IDE. In this way Alice 3 facilitates the application of the 
“bridging” technique in order to transfer the knowledge acquired in the VPL environment 
regarding the Object-Oriented concepts in the text-based IDE of the Java language.  
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In more recent publications such as (Zhang et al., 2014), authors used Alice as an auxiliary 
software to enhance the Object-Oriented programing learning interest and performance 
of IT majors. After their survey, including 52 students who were separated into two 
groups, the treatment group involving Alice and the control group which was exposed in 
traditional learning, researchers concluded that the intervention of Alice improved stu-
dents interest in learning object-oriented language. Moreover, they strongly support the 
object-first approach in teaching Object Oriented paradigm as the most efficient one, 
among the other options, and Alice is a platform that serves this teaching method (Florea 
et al., 2016).  
In (Daly &Warren, 2013) authors survey upon the adoption of Alice 3 during the Funda-
mentals of Programming courses, including a combination of quantitative and qualitative 
methods in order to measure the achievement and self-efficacy of students in college 
level, enrolled in that course. The research questions included demographic elements such 
as the effect of the achievement and self-efficacy of females, students with no prior ex-
perience in programming and online students. In addition to the overall satisfaction of the 
visual aspect of Alice among the treatment group, the conclusion suggested a positive 
attitude towards the environment and improvement of self confidence among the female 
students by using the Alice platform. Among the treatment group, students who major in 
CS, claim to also have a positive impact on their self-confidence for overall programming 
concepts, after using Alice as an introduction to Java programming. Authors claim that 
the same encouraging results derived from the research of the online students and espe-
cially of the younger generation. 
At the same time, some researchers express their reservations for using Alice in CS1 
courses (Garlick & E.C. Cankaya, 2014; Cliburn, 2008) in contrast to using a text-based 
IDE immediately. We must stress that both referred publications were issued before the 
release of Alice 3.0. We also have to mention that we include those two publications 
because they logged a number of direct answers/ideas from the students participating in 
the experiments and they have expressed their caveats for using a DGBL environment in 
the particular context. The purpose is not just to register a contradictory opinion. Instead, 
we want to emphasize, one more time in this thesis, that the effectiveness of the integra-
tion of digital games or in general DGBL environments, relies on the pedagogical goal, 
on the learners and on the practitioner.   
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More specifically, authors in (Garlick & Cankaya) measure the effect of using a brief 
introduction to programming fundamentals via Alice versus a control group using a tra-
ditional pseudocode. The results of this survey indicated that the performance of the stu-
dents from the control group - using pseudocode- was better than the ones using the Alice 
environment. Authors concluded that their survey was not a negative report for the plat-
form and justified the negative results because students of that age do not expect to be 
exposed in that manner in Java programming. The usual way includes lectures and exer-
cises in text base context. In addition, they do not want to learn the Alice Environment 
and then start over again for Java. Some students expressed the opinion that using Alice 
is more appropriate for younger ages and that they do not considered it to be “real pro-
gramming”. The same conclusion was derived from the survey in (Cliburn et al., 2008).  
Authors registered the opinion of the students who used Alice in the classroom for the 
CS1 course.  
All in all, there is an abundance of reports in literature regarding the use of Alice in in-
troductory courses for CS disciplines mostly as a supplement for teaching OO program-
ming language. Moreover, Alice has been used as a mediating transfer for “bridging” the 
VPL to HLE like Java. There is a variety of tutorials and resources for the practitioners 
to use in their classroom and a highly energetic community online, who supports Alice.  
At the same time, as indicated by (Raman, et al., 2014) there is relatively little research 
for the use of Alice in high schools although the main target audience of Alice students 
is of this age and under.  
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3 Method 
3.1 Goal definition 
The stimulus for the present experiment is the need of the researchers to find a more 
efficient and effective way than conventional lectures and exercises, to teach OO Pro-
gramming concepts in secondary education. Efficiency means a way to engage students 
all through the learning process and at the same time serve the pedagogy and learning 
objective as it is described by the curriculum context.  The importance of the issue, teach-
ing OO Programming concepts in the early years, has been discussed thoroughly in a 
previous chapter in this thesis.   
Object-Oriented programming is included in that subjects which require from the learner 
to possess and apply advanced cognitive skills such as abstraction and problem-solving. 
Moreover, the learner must show a strong commitment and concentrate to the objective. 
To understand the whole concept is a prerequisite for embarking to more practical chal-
lenges, meaning coding. Digital Game-based learning could serve as a supporting tool for 
introducing OOP concepts, especially in early years. For that reason, we employ two of 
the most reputable digital game-based platforms among the teachers’ community, Alice 
and Greenfoot. The purpose is to monitor and compare these two platforms, in terms of 
their ability to be used in formal education to increase learning performance towards Ob-
ject Oriented programming concepts in high school.  
Goal definition framework: 
Compare game-based learning environments, Alice and Greenfoot 
for the purpose of evaluation 
with respect to efficiency and effectiveness 
from the point of view of the students and teachers 
in the context of high school students comprehending object-oriented fundamental 
concepts. 
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3.2 Research Design  
3.2.1 Hypothesis formulation 
1. Both Alice and Greenfoot, have been equipped by practitioners and researchers as au-
thoring tools in the context of Game-based learning. They have both been used for the 
introduction of the fundamental concepts of programming and especially Object-Pro-
gramming paradigm. Despite their differences, they are both recommended for beginners 
in programming and early CS learning. Thus, we believe that both can be used as intro-
ductory tools for early exposure of high school students to the concepts of the Object-
Oriented programming.  
Null hypothesis: There is no difference in efficiency (using the two environments to au-
thor a game) towards comprehension of the OO concepts using Alice and Greenfoot. 
Measures needed: students and comprehension of OO concepts via Alice 
                              students and comprehension of OO concepts via Greenfoot 
                    Alice (results) vs Greenfoot (results)  
2.Both Alice and Greenfoot, are authoring tools for storytelling or games, hence students 
are engaged into something fun and in the same time learn how to use OO programming 
concepts while coding. We believe that the integration of these two platforms in second-
ary education is appropriate and has a positive impact in capturing and sustaining stu-
dent’s motivation. Therefore, the adoption of the two platforms in curriculum terms is an 
effective way to engage students in the learning process. 
 Null hypothesis: There is no difference between the two platforms, namely Alice and 
Greenfoot, in terms of their effectiveness during the learning process. 
Measures needed: students and effectiveness during learning process (Alice and Green-
foot). 
3.2.2 Data collection 
1.Efficiency 
Efficiency was measured by the level of achievement in a number of tasks at the end of 
each unit. As a unit, we refer to the four OO programming concepts: object, classes, in-
heritance, encapsulation, in which the researchers decided to focus in this experiment. 
These tasks included projects such as game/stories and forms as part of the data collec-
tion. In addition, for the evaluation of the two tools to deliver the expected learning 
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outcomes regarding the four fundamental concepts, students were asked to deliver a final 
project.  
2.Effectiveness  
Researchers decided to use a motivation design model, to evaluate the effectiveness of the 
two treatments, in terms of the engagement and satisfaction gained. This framework is 
based on the evaluation of the four key attitudes that any DGBL software must promote: 
Attention, Relevance, Confidence, Satisfaction according to Keller’s ARCS model, en-
riched by game elements. For that reason, a questionnaire, a 5-point Likert scale was 
employed for the data collection at the end of this experiment. In this thesis we used a 
proposed protocol for the purpose of evaluating the effectiveness of a DGBL environ-
ment, which will be discussed in detail in the following chapter.   
3.2.3 Participants 
The experiment ran staffed by 20 vocational high school students with their age ranging 
from 17 to 18 years old. They were all attending the final year of the IT Department in a 
Vocational School in Greece. They were all had experience in procedural computing but 
none of them had any experience in Object Oriented programming. These facts simplified 
the separation process, as there was no need to take into consideration the variation of 
their programming experience as a factor that would probably affect the study (Block-
ing).   
Therefore, the population was split in two subgroups.  Each group consisted of the same 
number of students, i.e. 10 students in each group (Balancing). During the separation 
process, the general performance of the students was taken into consideration hence the 
resulting subgroups both included students from all levels of school performance range 
according to their grades. (Stratified random Sampling*-Quota sampling**). In that way, 
each of the group was representative of the population of interest.  
 
 
*Stratified random sampling: the population is divided into a number of groups with a known distribution between the 
groups. 
**Quota Sampling: get subjects from various elements of a population 
 Wohlin, C., Runeson, P., Host, M., Ohlsson, M., Regnell, B., and Wesslen, A. 2000. Experimentation in Software En-
gineering: An Introduction. Boston, MA: Kluwer Academic Publishers. 
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The assignment of the two groups to each treatment (Alice platform or Greenfoot plat-
form) was selected randomly (Randomization). The first group was named Alice_group 
and the second, Greenfoot_group. Each group used only one treatment during the exper-
iment. 
3.2.4 Instruments 
We employed a set of scenarios for the tutorials, followed by a number of tasks for eval-
uating the individual learning objective in each step during the experiment. Some of those 
scenarios were developed by the researchers for the needs of the experiments. In some 
cases, we used material from either Alice Tutorials Materials Tutorials Repository, 
(https://www2.cs.duke.edu/csed/alice09/tutorials.php#assessments) or scenarios intro-
duced by Oracle Academy for Greenfoot, (http://www.oracle.com/webfolder/technet-
work/tutorials/OracleAcademy/GreenfootSelfStudyV1/obe.html) as resources for these 
scenarios. These scenarios and tasks were divided into four units. Each unit had a specific 
learning objective. More specifically, during the planning of the experiment, researchers 
decided to focus on four fundamental concepts of the object-oriented programming: ob-
ject, class, inheritance and encapsulation. We did not include polymorphism because of 
the lack of time provided to complete the experiment.  
Although there is a direct dependency among the four concepts, each unit targeted only 
one concept at a time, beginning with an object - object-first approach- followed by the 
class and moving to inheritance and encapsulation.   At the end of each unit, a task was 
given to the students.  
The purpose of the assignments was for students to apply the concept on which each 
lesson was focusing. In addition, and to better serve this strategy, although students were 
free to choose their own context of their story/game, they were provided with specific 
requirement documents by the tutors. In that way, researchers ensured that students would 
make use of the concept they had been previously taught, thus to evaluate students’ per-
formance in each step.  
Moreover, when necessary, those assignments were followed by forms used by the re-
searchers to better evaluate the progress of the students and the experiment in general. 
We used those results as an instant feedback on behalf of the students. Feedback was 
necessary as to proceed with adjustments, when needed, during the operational phase of 
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the experiment. Those adjustments included the repetition of a lesson or the alteration of 
an already designed lesson to clarify misconceptions.  
At the end of the experiment and for purposes of data collection, a final assignment was 
given to the two groups. The project involved a partial implementation of a game that 
students must completed according to a specific requirement report. The report was the 
same for the two groups. Finally, a questionnaire was employed to register the opinions 
of the students regarding the intervention of the two DGBL tools. The scale included 
statements about the level of engagement and motivation the two environments provide, 
according to the students’ opinion and students satisfaction.  
3.3 Experiment Execution 
During the first meeting students were informed that they would participate in an experi-
ment within the course “SPECIAL TOPICS IN PROGRAMMING / ΕΙΔΙΚΑ ΘΕΜΑΤΑ 
ΣΤΟΝ ΠΡΟΓΡΑΜΜΑΤΙΣΜΟ ΥΠΟΛΟΓΙΣΤΩΝ”.  They were aware of the purpose of 
the experiment but not of the actual hypothesis.  
Researchers assigned a number to each student. Although it was a random number, thus 
for anonymity to be guaranteed for all the students, students were suggested to use this 
particular number in all of the forms that were filled by them during the experiment. In 
that way, researchers could observe students’ progress during the process. 
All the material was prepared in advance, although a few times researchers considered 
some alterations and/or additions to this material, necessary to be done.   
3.3.1 Procedure 
The experiment lasted seven weeks and students from the two subgroups attended the 
same number of lessons. Lessons were conducted in different laboratories in the same 
time. The experiment was performed within the regular school curriculum. Hence, it did 
not affect the regular curriculum, in any way, or student’s attitude/perspective towards 
lessons conducted during the experiment, although students had been informed that they 
would all be participating in it.   
During the experiment, the learning process was facilitated by tutorials and pro-
jects(games/stories) performed with the help of the tutors. The researchers suggested that 
the time that lectures were performed should be minimized only to include the summa-
rizing of the learning objective.  
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Students, during the experiment, were encouraged to work in groups of at least two and 
they were free to choose their partners.  In that way, the experimental environment re-
sembled the one of an ordinary school class. Each student in both groups, Alice and 
Greenfoot, had a computer with the software that they would use at their disposal and 
access to the internet.  
Because of the complexity of the topic, the dependency of the concepts and the difficulties 
that the researchers observed during the experiment, it was decided that a final project 
was to be developed by the students. More specifically, students had to complete a partial 
implementation of a game. To preserve equality between the two groups the same soft-
ware requirements were given to the students in two groups and the same time was allo-
cated. Finally, on the last day of the experiment the two groups filled in the questionnaires 
and a short conversation with the students was held in the classroom.   
3.4 Evaluation Protocol 
3.4.1 Game User Experience Satisfaction Scale (GUESS) 
 Authors in (Phan et al., 2016) proposed as the outcome of their research, a new “psycho-
metrically validated and comprehensive gaming scale”, for measuring video game satis-
faction, the Game User Experience Satisfaction Scale (GUESS). The objectives of their 
study were “a) to uncover the crucial factors that contribute to a satisfying gaming expe-
rience across many video games and genres and b) to develop and validate a new instru-
ment that comprehensively measures video game satisfaction based on these factors”.  
Regarding the first question and the user satisfaction, authors log several publications and 
stress that the key factors for satisfaction in video games seems to involve engagement, 
immersion, presence and flow. The answer is not easy as the subject is highly debated 
and there is not always a consensus among authors neither of the theoretical role nor the 
meaning of these factors. Authors try to present a compilation of the ideas of these key 
concepts, reviewing literature. Hence, they noted that engagement plays a significant role 
in the player satisfaction and enjoyment but is registered as a combination of either “fo-
cused attention, perceived usability, aesthetics and satisfaction” (O’Brien & E.T. Toms, 
2010) or “personal interest, attention and immersion” (Chen et al., 2011). Immersion is 
often used in the same context as engagement, but according to the authors a clearer 
meaning has been given in (Ermi & Mayra, 2005), who suggested that immersion derives 
from challenge, imagination and the power of sensation. Presence has been categorized 
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(Takatalo et al., 2006) into “physical” which involves “attention, perceptual realness and 
spatial awareness” and “social” which involves “richness, realism, compresence”. Fi-
nally, flow is closely related to the enjoyment in the video games (M. Csikszentmihalyi 
,1975; Csikszentmihalyi, 1990; Chen, 2007; Choi & Kim, 2004; Fang et al., 2013; Fu et 
al., 2009).  
Authors, after carefully examining publications and scrutinizing the available question-
naires and heuristic lists in respect to the player satisfaction, they generated an item pool. 
A recursive procedure of modification, refinement and addition was followed, that con-
cluded in 116 items for the scale. Further treatment of the scale included four more steps. 
In a second stage, experts review items in the pool. Researchers recruited two groups of 
experts. The first consisted of evaluators who had previous experience in content valida-
tion and the second, a professional player who had previous experience, at least 15 years, 
in different genres and platforms. Third step involved a pilot study which included 16 
self-identified gamers. An advanced evaluation was conducted in order for the number of 
the questions in the scale to be reduced (EFA) and additional validation of the scale was 
performed(CFA).  
The original scale, the GUESS, comprises of 55 questions, belonging to 9 different cate-
gories. Each of the 9 subscales measure a factor considered to contribute to the overall 
satisfaction of the player. Namely the subscales are: Usability/Playability, Narratives, 
Play Engrossment, Enjoyment, Creative Freedom, Audio Aesthetics, Personal Gratifica-
tion, Social Connectivity and Visual Aesthetics. In addition, authors proposed a ratings 
protocol per factor and for the total of the questions included in the scale. Furthermore, 
they emphasize the necessity of extensive research for ascertaining the validity of the 
results coming from the Guess.  
It is worth noting that authors of the primitive GUESS indicated that the scale was exper-
imented with a population of at least 18-years-old and only in the field of video games. 
In our experiment we extended the use of the GUESS, by employing the scale for meas-
uring the satisfaction of the a) students of high school, the majority of whom 17 years are 
old or under, b) in the context of the digital game-based Learning, in which two different 
education tools will be used, namely Alice and Greenfoot. Both are classified in the cat-
egory of the Serious Games for educational needs and Game Development Platforms. 
Since both platforms are not games, we had to further refine the GUESS.  
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In addition, authors recommend that if the GUESS will be used for evaluating a game 
without any narratives, the practitioners should remove the Narratives Subscale. Hence, 
we decided to remove the Narrative subscale, to encompass the visual and audio aesthetic 
in one subscale, namely Aesthetics and finally add some questions for the evaluation of 
the learning outcomes and behavior changing after the use of the two environments in 
the classroom.   
The scale used in our experiment, consists of 28 questions in contrast of the 55 of the 
GUESS. Moreover, we reformed the scale from a 7- Likert scale to 5 -Likert scale. The 
reduction of the questions of the primitive scale and the reforming to a 5-likert scale, was 
done as explained previously, for the scale to be adopted in the circumstances of our 
experiment. Moreover, our target group was high school students and we assumed that 
the length of the scale might be a little frustrating and boring for them, resulting in losing 
their interest while answering the questions. That would probably conclude in systematic 
errors.  In addition, we followed the pattern of the researchers regarding the inclusion of 
reverse-scored items in our scale (Lietz, 2010; Sauro & Lewis, 2011). We included a 
minimum number of negative phrasing questions as not to confuse students. The final 
scale used for data collection at the final stage of the experiment is shown in Table1.  
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Table 1: Final Scale used for the collection of data 
 
 
STATEMENT 
   
   
1.Using Alice/Greenfoot is fun.      
2.I cannot tell that I am getting 
tired while using Αlice 
/Greenfoot. 
     
3. I find Alice/Greenfoot inter-
face easy to navigate.  
     
4.I feel bored while using Alice 
/Greenfoot. 
     
5. I want to spend more time us-
ing Alice/Greenfoot that I have 
thought I would in the beginning. 
     
6. I feel I can explore things in 
Alice/Greenfoot. 
     
7. I needed to go through a length 
of tutorials or teacher’s guidance 
to learn how to use Alice/Green-
foot. 
     
8. I feel Alice/Greenfoot do not 
help me understand the concept 
taught. 
     
9. I find the interface of Al-
ice/Greenfoot not so easy to use.  
     
10. I feel creative while I am us-
ing Alice/Greenfoot 
     
11. I enjoy the learning experi-
ence using Alice/Greenfoot  
     
12.I feel constantly motivated us-
ing Alice/Greenfoot during the 
learning process.  
     
13. I find Alice/Greenfoot 
graphics satisfactory. 
     
14. I feel successful when I over-
come the obstacles, authoring a 
game/ story using Alice/Green-
foot 
     
15. Programming with Al-
ice/Greenfoot increases my so-
cial skills. 
     
16. I feel using Alice/Greenfoot 
allows me to express myself. 
     
17. I feel more confident when I 
use Alice/Greenfoot. 
     
18. I needed my colleagues’ help 
more than once while using Al-
ice/Greenfoot  
     
19. I am very focused on my per-
formance using Alice/Greenfoot  
     
20.I feel my curiosity is stimu-
lated as a result of using Al-
ice/Greenfoot 
     
21. I enjoy social interaction 
while using Alice/Greenfoot 
     
22.I feel that using Alice/Green-
foot trains me well to understand 
the concept taught 
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23.I find using Alice/Greenfoot 
very distractive so to focus on the 
concept taught.  
     
24. I find my programming skills 
gradually improved through the 
course of overcoming the given 
challenges.  
     
25.I feel Alice/Greenfoot fea-
tures (animation, visualization, 
graphics, sound effects) enhances 
my learning experience 
     
26. If given the chance I want to 
use Alice/Greenfoot again. 
     
27. I do not feel confident that I 
could use the knowledge gained 
by Alice/Greenfoot in other pro-
jects.  
     
28. I feel that I could easily use 
Alice/Greenfoot to make my own 
game 
     
 
 
 
The distribution of the questions into the proposed subscales follows the recommenda-
tions of the primitive researchers in (Yue & Abdullah,2015). An additional subscale was 
appended for the allocation of the questions regarding the pedagogical goal. The assign-
ment of the statements used in the final scale, is illustrated in the Table 2. In Table 3, we 
present the statements and their allocation in the seven subscales according to the primi-
tive GUESS, in more detail. 
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Table 2: Distribution of the questions of the final scale in the 7 sub-categories of the GUESS 
  USABILITY PERSONAL 
GRATIFICAT
ION 
CREATIVE 
FREEDOM 
SOCIAL 
INTERACTIO
N 
PLAY 
ENGROSS
MENT 
AESTHE
TICS 
ENJOYM
ENT 
LEARNING 
OBJECTIVE
S 
Q1       √  
Q2     √    
Q3 √        
Q4       √  
Q5     √    
Q6   √      
Q7 √        
Q8        √ 
Q9 √        
Q10   √      
Q11       √  
Q12  √       
Q13      √   
Q14  √       
Q15    √     
Q16   √      
Q17 √        
Q18 √        
Q19  √       
Q20   √      
Q21    √     
Q22        √ 
Q23     √    
Q24  √       
Q25      √   
Q26       √  
Q27        √ 
Q28 √        
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Table 3: Question distribution 
 
  
USABILITY 3. I find Alice/Greenfoot interface easy to navigate 
7. I needed to go through a length of tutorials or teacher’s guidance to learn how to use Al-
ice/Greenfoot 
9. I find the interface of Alice/Greenfoot not so easy to use 
17. I feel more confident when I use Alice/Greenfoot.     
18. I needed my colleagues’ help more than once while using Alice/Greenfoot 
28. I feel that I could easily use Alice/Greenfoot to make my own game 
PERSONAL 
GRATIFICATIO
N 
12. I feel constantly motivated using Alice/Greenfoot during the learning process 
14. I feel successful when I overcome the obstacles, authoring a game/ story using Al-
ice/Greenfoot 
19. I am very focused on my performance using Alice/Greenfoot 
24. I find my programming skills gradually improved through the course of overcoming the 
given challenges 
CREATIVE 
FREEDOM 
6. I feel I can explore things in Alice/Greenfoot. 
10. I feel creative while I am using Alice/Greenfoot 
16. I feel using Alice/Greenfoot allows me to express myself. 
20. I feel my curiosity is stimulated as the result of using Alice/Greenfoot  
SOCIAL 
INTERACTION 
15. Programming with Alice/Greenfoot increases my social skills 
21. I enjoy social interaction while using Alice/Greenfoot 
  
PLAY 
ENGROSSMEN
T 
2. I cannot tell that I am getting tired while using Alice/Greenfoot 
5. I want to spend more time using Alice/Greenfoot that I have thought I would in the begin-
ning 
23. I find using Alice/Greenfoot very distractive so to focus on the concept taught 
AESTHETICS 13. I find Alice/Greenfoot graphics satisfactory 
25. I feel Alice/Greenfoot features (animation, visualization, graphics, sound effects) enhances 
my learning experience 
ENJOYMENT 1. Using Alice/Greenfoot is fun. 
4. I feel bored while using Alice /Greenfoot. 
11. I enjoy the learning experience using Alice/Greenfoot 
26. If given the chance I want to use Alice/Greenfoot again. 
LEARNING 
OBJECTIVES 
8. I feel Alice/Greenfoot do not help me understand the concept taught 
22. I feel that using Alice/Greenfoot trains me well to understand the concept taught 
27. I do not feel confident that I could use the knowledge gained by Alice/Greenfoot in other 
projects 
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3.4.2 Keller’s ARCS Model & Motivational Design Model 
While the GUESS has as a primary aim to evaluate user satisfaction and given the fact 
that our experiment would measure the efficacy and effectiveness of tools that facilitate 
Digital Game Based Learning, we decided that a further confirmation of the scale must 
be done in order to include the ability of the environment to serve user experience and 
pedagogical goal, in our case Object Oriented Concepts, simultaneously. We decided to 
verify the questions and subcategories of our scale with the motivational model proposed 
by the authors in (Yue & Abdullah,2015). This is a way to have additional proof of the 
validity of the results of our experiment, establishing a framework that encompasses the 
satisfaction of the end user with the integration of the pedagogical goal in platforms that 
are widely used in the context of DGBL in high school education/secondary education. 
Authors in their study, proposed “a motivation design model of an educational game con-
sists of ARCS Model and game features that suggested in DGBL design”.  
Keller’s ARCS model (Keller, 2010; Gunter et al., 2006), is a model composed of four 
elements that an educational game must occupy. Any of these elements stimulates moti-
vation of the learner thus to improve his/her learning performance and support the learn-
ing process. Authors in both publications, claim that “Even the most sophisticated in-
structional program will fail if students are not motivated”.  The four elements reported 
in the Table 4 is adapted by (Keller, 2010). 
Table 4: ARCS Model of Motivational Design 
Attention Gain and sustain the learner’s attention through the element of 
surprise or through provoking learner’s curiosity (e.g. by asking 
thought provoking questions).  
Relevance Delivering instructions in such a way that it appears relevant or 
“authentic” to the learner (by understanding their interests and 
what motivates them). 
Confidence/Challenge As with Bandura’s concept of self-efficacy (Bandura 1997), this 
step involves creating an environment where the learner has the 
confidence that there is an achievable outcome from the 
instructional process and is therefore motivated to pursue it. 
Satisfaction/Success At the end of the instructional process, the learner should be able 
to take satisfaction in their accomplishments, which ideally, they 
should perceive as having been achieved through their own 
contribution and hard work. 
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Based on the ARCS model authors in (Dempsey & Johnson, 1998) presented a rubric that 
can be used as a guideline for the development of educational games. This rubric intro-
duces a number of questions for each of the four elements in the ARCS model, so as to 
specify the meaning and the content of these elements.  We present the said rubric in the 
Table 5. 
Table 5: Rubric for the development of educational games 
Major Category Sub-category 
  
Instructional Questions 
Attention Perceptual Arousal 
  
Inquiry Arousal 
  
Variability 
1. What can I do to capture their interest? 
2. How can I stimulate an attitude of inquiry? 
3. How can I maintain their attention? 
Relevance Goal Orientation 
   
Motive Matching 
  
Familiarity 
1. How can I best meet my learner's needs? (Do I know their 
needs?) 
2. How and when can I provide my learners with appropriate 
choices, 
responsibilities and influences? 
3. How can I tie the instruction to the learners' experiences? 
Confidence/ 
Challenge 
Learning Requirements 
   
Success Opportunities 
  
Personal Control 
1. How can I assist in building a positive expectation for success? 
2. How will the learning experience support or enhance the stu-
dents' beliefs in their competence? 
3. How will the learners clearly know their success is based upon 
their efforts and abilities? 
Satisfaction/ Success Natural Consequences 
  
Positive Consequences 
   
Equity 
1. How can I provide meaningful opportunities for learners to use 
their newly-acquired 
knowledge/skill? 
2. What will provide reinforcement to the learners' successes? 
3. How can I assist the students in anchoring a positive feeling 
about their accomplishments? 
 
Finally, according to authors (Yue & Abdullah,2015) the introduced motivational model 
is the outcome of the enrichment of ARCS model with elements such as multimedia fea-
tures, interface, usability, feedback, content, should be included in an educational game 
(Azan et al., 2013). Figure 3 demonstrates the proposed model.   
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Figure 3: Motivational Model for DGBL Software 
 
More specifically they claim that: 
● Information about the task at hand should be available by the game in a clear 
manner as to promote self-efficacy and to enable students to pursue their goal on 
their own. Moreover, storytelling techniques can stimulate student’s curiosity and 
gain their attention. Feedback is even crucial for the same reasons.  
● Challenges must conclude to knowledge gain, attention maintenance, active par-
ticipation, curiosity stimulation, and motivation provision to the learner.  The 
completion of a given task must conclude to adding wisdom to the learner, thus 
to be able to encounter the upcoming challenge. In addition, a variation of the 
challenges contributed in the increase of the learner’s curiosity and motivation 
thus to sustain learner’s enrollment to the game. 
● Usage of a variety of multimedia features can further increase the willingness of 
the learner to keep his/her mind to the task at hand. 
● Rules must be followed by the learner for the tasks to be completed in an appro-
priate manner and certain goals to be achieved. 
● Usability and feedback are important factors for the learner to interact properly 
with the game. 
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● Every successful attempt of the learner must have a positive impact to the user 
control of the knowledge.     
The proposed allocation of the statements included in the final scale for the evaluation of 
the effectiveness of the two treatments in our experiment is shown in Table 6. The state-
ments derived from the reformed Game User Experience Satisfaction Scale, as already 
been discussed, were distributed in the four elements of the motivational model proposed. 
An overview of the proposed protocol is shown in Table 7. 
Table 6 : Distribution of the statements in the four categories of the ARCS model 
Major 
Category 
Reformed 
Guess- 
Proposed 
Framework 
Sub-category 
 
Statements 
Attention 
  
Enjoyment 
  
  
  
 
Play 
Engrossment 
  
  
  
  
1. What can I do to 
capture their interest? 
  
2. How can I stimulate 
an attitude of inquiry? 
  
3. How can I maintain 
their 
attention? 
1. Using Alice/Greenfoot is fun. 
4. I feel bored while using Alice /Greenfoot. 
11. I enjoy the learning experience using Alice/Greenfoot 
26. If given the chance I want to use Alice/Greenfoot again. 
 
2. I cannot tell that I am getting tired while using Alice/Greenfoot 
5. I want to spend more time using Alice/Greenfoot that I have 
thought I would in the beginning 
23. I find using Alice/Greenfoot very distractive so to focus on 
the concept taught 
  
Relevance Creative 
Freedom 
  
  
 
 
Aesthetics 
1. How can I best meet 
my learner's needs? 
(Do I know their 
needs?) 
  
2. How and when can 
I provide my learners 
with appropriate 
choices, 
responsibilities and 
influences? 
  
3. How can I tie the in-
structions to the learn-
ers' experiences? 
6. I feel I can explore things in Alice/Greenfoot. 
10. I feel creative while I am using Alice/Greenfoot 
16. I feel using Alice/Greenfoot allow me to express myself. 
20. I feel my curiosity is stimulated as the result of using Al-
ice/Greenfoot 
  
13. I find Alice/Greenfoot graphics satisfactory 
25. I feel Alice/Greenfoot features (animation, visualization, 
graphics, sound effects) enhances my learning experience. 
Confidence/ 
Challenge 
Personal 
Gratification 
  
  
  
 
 
 
Social 
Connectivity 
1. How can I assist in 
building a positive ex-
pectation for success? 
  
2. How will the learn-
ing experience sup-
port or enhance the 
students' beliefs in 
their competence? 
  
3. How will the learn-
ers clearly know their 
success is based upon 
their efforts and abili-
ties? 
12. I feel constantly motivated using Alice/Greenfoot during the 
learning process 
14. I feel successful when I overcome the obstacles, authoring a 
game/ story using Alice/Greenfoot 
19. I am very focused on my performance using Alice/Greenfoot 
24. I find my programming skills gradually improved through the 
course of overcoming the given challenges 
15. Programming with Alice/Greenfoot increases my social skills 
21. I enjoy social interaction while using Alice/Greenfoot 
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Satisfaction
/ Success 
Usability 
  
  
  
  
  
  
  
  
Learning 
Outcomes 
  
  
  
  
  
1. How can I provide 
meaningful opportu-
nities for learners to 
use their newly-ac-
quired 
knowledge/skill? 
  
2. What will provide 
reinforcement to the 
learners' successes? 
3. How can I assist the 
students in anchoring 
a positive feeling 
about their accom-
plishments? 
3. I find Alice/Greenfoot interface easy to navigate 
7. I needed to go through a length of tutorials or teacher’s guid-
ance to learn how to use Alice/Greenfoot 
9. I find the interface of Alice/Greenfoot not so easy to use 
17. I feel more confident when I use Alice/Greenfoot.      
18. I needed my colleagues’ help more than once for using Al-
ice/Greenfoot 
28. I feel that I could easily use Alice/Greenfoot to make my own 
game 
8. I feel Alice/Greenfoot do not help me understand the concept 
taught 
22. I feel that using Alice/Greenfoot trains me well to understand 
the concept taught 
27. I do not feel confident that I could use the knowledge gained 
by Alice/Greenfoot in other projects 
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Table 7: Overview of the Evaluation Protocol 
 
  
Q  ATTENTION RELEVANCE CONFIDENCE SATISFACTION 
FUN  
CHALLENGING 
ACTIVE 
PARTICIPATION 
DETERMINATION 
TASK COMPLETION 
INTERACTION 
RULLES 
CHALLENGE 
COMPETITION 
CONTROL 
FEEDBACK 
SENSE OF WINNING 
OUTCOME 
Q1 √           
Q2 √           
Q3           √ 
Q4 √           
Q5 √         
Q6    √        
Q7           √ 
Q8           √ 
Q9           √ 
Q10    √        
Q11 √           
Q12       √    
Q13    √        
Q14       √    
Q15       √    
Q16    √        
Q17           √ 
Q18           √ 
Q19       √    
Q20    √        
Q21       √    
Q22           √ 
Q23 √           
Q24       √    
Q25    √        
Q26 √           
Q27           √ 
Q28           √ 
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4 Results 
4.1 Quantitative Results 
4.1.1 Demographics 
 
According to the students' answers, shown in Figure 4, half of them can be registered as 
casual or devoted players, implying that they consciously use digital games for at least 
one hour, on average, a day. That fact 
shows how the specific out-curriculum 
habit may influence their learning atti-
tudes. Digital games are a well-known 
domain for the students. They feel com-
fortable within a familiar environment 
and with the procedures taking place 
within it, some of them complex enough 
to demand the application of advance 
cognitive skills. Moreover, the fact that 
they are identified as casual or devoted 
players, according to their answers, render them as demanding users, at least for the mul-
timedia features and the flow of the game. A minority of five students claim that they 
play only for fun and only with others (with their friends), indicating that students do 
appreciate the competence of games to provide pleasure and opportunities for socializing 
and team-working. 
Figure 4: Hours of Play 
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Looking closely at the results and trying to cluster students according to their perception 
of their role in the game, we 
provide them with four catego-
ries: Killer, Achiever, Explorer, 
Socializer. These categories are 
introduced in Bartle’s Taxon-
omy of the Player Types. The 
allocation of the students into 
the four categories is shown in 
Figure 5.  
 
 
 
➢ Killer 
“I like to provoke and cause drama and/or impose myself over other players in the scope 
provided by the virtual world. Prefer PvP (player versus player) games)”  
➢ Achiever 
“I enjoy beating difficult challenges. The more challenging the goal, the most 
satisfied I feel.” 
➢ Explorer 
“I like to explore the world thus to understand the finer details of the game me-
chanics.”  
➢ Socializer 
“I am more interested in having relations with the other players than playing the 
game”  
 
Half of them, 11 out of 20 individuals, claim to perceive themselves in the game as Kill-
ers. 7 of the individuals identify themselves as Achievers and Explorers.  According to 
the above taxonomy, challenge and exploration, which may be considered as activities 
that demand more complex mental skills are not as favorable as action and domination. 
This could be a negative factor, as for a game to be perceived by students as a means of 
learning within the classroom context but it will surely affect their acceptability of the 
two treatments Alice and Greenfoot, as DGBL tools. 
  
55%
20%
20%
5%
T y p e  o f  P l a y e r
Killer Achiever Explorer Socializer
Figure 5: Types of Players 
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In Figure 6, one might observe the allocation of the students to the above types of players 
for the two groups, separately.  
 
 
 
 
 
  
Figure 6: Type of Player in each group 
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4.1.2  Learning outcomes  
 
 
Figure7: Learning Outcomes 
 
The principal aim of this experiment is to discover the differences and the advance com-
petence of each DGBL tool as a technique to “hug” the concept taught. In order to provide 
quantitative results for the perceived efficacy of the two tools, according to the students' 
opinions, we cluster the questions that refer to the assessment of the environments in 
terms of delivering the expected learning outcomes. These questions are illustrated in the 
Table 8.  
 
 Figure 7 shows the difference after comparing the means of each question within the 
cluster “Learning Outcomes”. It is obvious that according to students' opinion, there is no 
significant difference among two DGBL environments.  The same fact is illustrated in  
Table 8: Questions referring to the learning outcomes  
Q8 I feel Alice/Greenfoot do not help me understand the concept taught 
Q27 I do not feel confident that I could use the knowledge gained by Alice/Greenfoot in other projects 
Q25 I feel Alice/Greenfoot features (animation, visualization, graphics, sound effects) enhances my learning expe-
rience 
Q24 I find my programming skills gradually improved through the course of overcoming the given challenges 
Q22 I feel that using Alice/Greenfoot trains me well to understand the concept taught 
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Table 9, which shows the results of the Mann-Whitney U-test, for the defined variable 
“Learning outcomes” and for the two independent groups, Alice-group and Greenfoot-
group, as depicted in the SPSS.  
Mann-Whitney U-test is used to compare differences between two independent groups 
when the dependent variable is either ordinal or continuous, but not normally distributed. 
In our case we use the test for identifying if there is significant deference between the two 
independent variables, Alice-group and Greenfoot-group, since our dependent variable 
“Learning outcomes” is measured using a 5-point Likert scale (ordinal level) and each of 
the participants belongs exclusively in one of the two groups.  
Table 9 gives as information about the actual significance of the test. More specifically 
shows the test statistics, U statistic and the asymptomatic significance p-value. Mann-
Whitney U-test compare the ranks of the independent variables and the p-value provide 
us with information concerning weather we may reject or not a null hypothesis. If p-value 
is less than 0.05 the null hypothesis can be rejected.  
In our case, since p-value is 0.969, greater than 0.05, we cannot reject the null hypothesis, 
meaning that we can conclude that according to the results of our experiment, there is no 
significant deference between the two groups concerning the efficiency of the two treat-
ments, Alice and Greenfoot, to deliver the specific learning outcomes.  
  
Test Statistics 
 LearningOutcome 
Mann-Whitney U 49,000 
Wilcoxon W 94,000 
Z -,038 
Asymp. Sig. (2-tailed) ,969 
Exact Sig. [2*(1-tailed Sig.)] 1,000b 
Table 9: Results for the Learning Outcomes 
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4.1.3 Engagement while using Greenfoot/Alice 
As far as learning attitude is concerned, we cluster the questions shown in the Table 10. 
These questions monitor different factors during the learning process and the effect that 
the intervention of the two DGBL tools has on the them. These are contributory emotional 
and intellectual states that could affect the engagement of the students and the capability 
of the two treatments to promote positive feelings towards learning programming and 
eventually conclude in changing learning attitudes.  
Table 10 : Questions referring to the emotional factors during the learning process 
 
 
 
Figure 8: Engagement while using Greenfoot/Alice  
 
Questions 
Emotional & cognitive states that influence Learning outcomes & attitude 
 
Q14 
I feel successful when I overcome the obstacles, authoring a game/ story 
using Alice/Greenfoot 
Sense of Winning 
Q10 
I feel creative while I am using Alice/Greenfoot Creativity 
Q19 
I am very focused on my performance using Alice/Greenfoot Active Participation/ 
Immersion 
Q20 
I feel my curiosity is stimulated as the result of using Alice/Greenfoot Curiosity 
Q6 
I feel I can explore things in Alice/Greenfoot. Self-Efficacy 
Q12 
I feel constantly motivated using Alice/Greenfoot during the learning 
process 
Motivation 
Q4 
I feel bored while using Alice /Greenfoot Fun 
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As Figure 8 shows, there is no significant difference regarding the effect of the two treat-
ments on the emotional state of the students during the learning process, something that 
would conclude in changing their learning attitudes. The same results can be concluded 
from the Mann-Whitney U-test. According to the results of the test, shown in Table11 as 
depicted in SPSS, in each case of the dependent variables (Q14, Q10, Q19, Q20, Q6, Q12, 
Q4), p-value is greater than 0.05.  Despite that fact, differences in the two groups may be 
identified in the Q14 (p-value=.147) and Q12(p-value=.165), although not significant. 
For that reason and keeping in mind that our sample is a small one, the two questions will 
be discussed later in this chapter.   
 
 
 
 
 
Table 11: Results for the engagement while using Greenfoot/Alice 
Test Statisticsa 
 Q14 Q10 Q19 Q20 Q6 Q12 Q4 
Mann-Whitney U 31,500 48,000 45,000 34,000 42,500 33,000 36,500 
Wilcoxon W 76,500 93,000 90,000 79,000 108,500 99,000 102,500 
Z -1,452 -,122 -,368 -1,275 -,560 -1,387 -1,028 
Asymp. Sig. (2-tailed) ,147 ,903 ,713 ,202 ,576 ,165 ,304 
Exact Sig. [2*(1-tailed 
Sig.)] 
,175b ,941b ,766b ,261b ,603b ,230b ,331b 
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4.1.4 Changing attitudes after using Greenfoot/Alice   
 
Figure 9: Attitude towards the DGBL tool at the end of the experiment 
Finally, we cluster three questions, shown in Table 12, as to evaluate the acceptability on 
behalf of the students, of the two environments in each group. At this point it should be 
mentioned that students used the two environments not only during the experiment but 
also to complete a partially implemented game. All three questions measure the overall 
satisfaction of the integration of the two environments during the learning process. The 
results are illustrated in Figure 9. According to the analysis, significant difference be-
tween the two DGBL tools is identified in Question28, with the p-value =.007<.05, as 
depicted in Table 13.   
 
Table 12: Questions referring to the acceptability of the two environments  
Q26 If given the chance I want to use Alice/Greenfoot again. 
Q5 I want to spend more time using Alice/Greenfoot than I have thought I would in the beginning 
Q28  I feel that I could easily use Alice/Greenfoot to make my own game. 
 
Table 13: Results for the overall satisfaction 
Test Statistics 
  Q26 Q5 Q28 
Mann-Whitney U 38,500 47,500 16,000 
Wilcoxon W 104,500 92,500 61,000 
Z -,873 -,158 -2,714 
Asymp. Sig. (2-
tailed) 
,383 ,875 ,007 
Exact Sig. [2*(1-
tailed Sig.)] 
,412b ,882b ,010b 
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Q28: “I feel that I could easily use Greenfoot/Alice to make my own game.” 
 
Figure 10: Results for the Q28 
According to the results, illustrated in Figure 10, 8 out of 11 students, 73% in Greenfoot-
group, express their satisfaction derived from their experience from the intervention of 
Greenfoot during the learning process and their willingness to use the DGBL tool again. 
On the contrary, only 2 of the students, 22% in Alice-group, were in the same way satis-
fied and willing to use Alice for developing their own game. 5 out of 9 participants, more 
that the half of them, gave a negative answer. The calculation of Cohen’s d value, 1,54, 
which according to Cohen is a large effect, means that difference is real and not the effect 
of changing factors.  
To find the reason of the advantage of Greenfoot over Alice, in this question we calculate 
the means for the categories Attention, Relevance and Confidence and we compare these 
means between the two DGBL tool. There was no significant difference between them 
and the calculation of the Cohen’s d value did not identify large or moderative effect of 
these cumulative variables.  
What we were able to identify is the deference between the two tools according to the 
answers of the students in three questions that are discussed below.    
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Q2 “I cannot tell that I am getting tired while using Alice/Greenfoot” 
This question is allocated to the Play engrossment category in the GUESS scale.  Accord-
ing to our evaluation protocol Play engrossment is included in the Attention category of 
the motivational design model.  
 
 
Figure 11: Results for the Q2 
It is obvious, as Figure 11 is illustrated, that Greenfoot takes advance over Alice in this 
question. 9 out of 11 students claim that they do not feel tired while using Greenfoot. 
Students from Alice-group, who agree with the statement are 5, almost half of the students 
participating in the group. Cohen’s d value, 0.678, indicates a moderate effect of the var-
iable. This statement implies that opportunities for active participation were provided by 
the environment. One may argue that the statement is also referring to the ability of the 
environment to capture the student’s interest and transform his/her effort to successful 
opportunities as they overcome challenges and eventually leading to performance im-
provement. Gaining and sustaining the attention of the student in the long run is one of 
the key attitudes that a DGBL tool must promote. Given the fact that in accordance with 
the student’s answers, the two environments have no significant difference in anchoring 
students to understand the concept taught, it seems that feeling tired might be a factor 
that leads most of the students in Alice-group to register their objection in using Alice 
again.  
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Q14 “I feel successful when I overcome the obstacles, authoring a game/ story using 
Alice/Greenfoot”  
Same results apply for the Question14. The question is allocated in the Personal Grati-
fication category according to the GUESS and based on our evaluation protocol falls in 
the Confidence cluster in the motivational design model. Cohen’s d value indicates a 
moderate effect of the variable, d=0.624 
 
 
Figure 82: Results for the Q14 
As illustrated in Figure 12, 9 out of 11 students of the Greenfoot-group claim that the 
challenges/obstacles provided through the assessments during the experiment and the fi-
nal project, and their capability to use the knowledge gain within the Greenfoot environ-
ment in order to overcome these challenges, finding valid programming solutions, in-
creased their confidence and control in their abilities in writing qualitative code.  
Since software requirement for the final project was the same for the two groups and 
students claim that there was no significant difference in the supporting role of the two 
environments in understanding the concept taught, one would expect students in Alice-
group to give the same percentage of positive answers. Instead, the results show that only 
55% of the students in Alice-group in contrast of 82% in the Greenfoot-group, feel suc-
cessful when they overcome obstacles writing code. 3 of them, 33% of the total in Alice-
group, state that finding programming solutions by writing code within the Alice 
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environment had no emotional impact on them. This could be another factor for reasoning 
the significant difference that identified in Q28 between the two groups. The feeling of 
success is a factor that naturally leads to a sense of wining, an overall satisfaction and a 
willingness to use the environment again.     
Finally, a difference was identified in the 12th question with Alice having the advantage 
over Greenfoot.  
 
Q12 “I feel constantly motivated using Alice/Greenfoot during the learning process” 
The Cohen’d value indicated a moderate effect of the variable.   
 
 
Figure 93: Results for the Q2 
In this question and in contrast to the previous ones, as depicted in Figure 13, 55% of 
students in Alice-group find themselves motivated within the environment and during 
learning processes. In Greenfoot only 27% of the students gave a positive answer, with 
63% of them respond to that question with “Neutral”. 
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4.1.5 Statistical results for the proposed Scale 
In addition to the results above, we run some tests to determine the validity of the pro-
posed and used protocol in our experiment. We briefly remind, that the 28 questions in 
our questionnaire, were derived from the GUESS, a quality game assessment scale. After 
the processing of the proposed scale, something that we have already discussed in detail 
in previous chapter, and for the validation of the results, we allocate the questions in the 
categories proposed by the motivation design model. The motivational design model is 
based on four clusters that they are included in the Keller’s ARCS model. The model 
states that four attitudes must be promoted by any DGBL tool: Attention, Relevance, Con-
fidence and Satisfaction. Furthermore, there is a close relationship between these atti-
tudes, as any of them represent an attitude as the result of the promotion of previous sug-
gestive attitudes, introducing a circular schema, as depicted in Figure 3.  
After creating variables for each sub category proposed in the GUESS namely, Usability, 
Personal Gratification, Creative freedom, Social Connectivity, Aesthetics, Enjoyment, 
Learning Objectives, we run several tests to evaluate the correlation of the questions in 
these subcategories within the four proposed clusters of the protocol we use.  Table11 
shows the assignment of the subcategories of the GUESS into the four clusters in Keller’ 
ARCS, introduced in the protocol used in this thesis.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11: The assignment of the subcategories of the GUESS into the four clusters in Keller’ ARCS 
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We use Spearman rho rank-order correlation coefficient (Spearman's Rank-Order Cor-
relation) for measuring the strength and direct association that exists between the ques-
tions of the proposed scale. Each of the questions is measured in an ordinal level and their 
relationship is monotonic, meaning that either the variables increase in value together, or 
as one variable value’s increases, the other variable value decreases.  
The results in Table12, show that the correlation between the questions allocated in the 
Creative Freedom and Aesthetics, according to the answers given by the students in the 
provided questionnaires, are significant and justify our choice to include them in the Rel-
evance cluster of the motivational model.  
According to the results in Table 12, Correlation Coefficient between the two variables, 
Creative Freedom and Aesthetics, is .540. Correlation Coefficient ranged between -1 and 
1. Value 1 means that the two variables are perfectly positive correlated with the two 
variables to increase in value together. Value -1 means that the variables are perfectly 
negative correlated, thus as one variable’s value increases the other one decreases. .054 
shows a strong positive correlation between the two variables.  p-value, reported in Table 
12 as Sig. (2-tailed), shows weather the correlation between the two variables truly exists 
or the results happen by chance in our sample.  For doing this, meaning to have an indi-
cation weather the relationship between the two variables do exist, we must compare the 
p-Value with the level of significance which is, for the particular case as reported in Table 
12, 0.05. The correlation between Creative Freedom and Aesthetics is statistical signifi-
cant because the p-Value is .014 is less than the level of significance.  
 
Table 12: Correlation Results for Creativity &Aesthetics 
Correlations 
 
CREATIVEFRE
EDOM AESTHETICS 
Spearman's rho CREATIVE FREEDOM Correlation Coefficient 1,000 ,540* 
Sig. (2-tailed) . ,014 
N 20 20 
AESTHETICS Correlation Coefficient ,540* 1,000 
Sig. (2-tailed) ,014 . 
N 20 20 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
The same applies, as it is illustrated in Table13, for the correlation of the questions for 
the Personal Gratification and the Social Connectivity. 
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Table 13: Correlation Results for Personal Gratification & Social Connectivity 
Correlations 
 
PERSONALGRA
TIFICATION 
SOCIALCONNE
CTIVITY 
Spearman's rho PERSONAL 
GRATIFICATION 
Correlation Coefficient 1,000 ,500* 
Sig. (2-tailed) . ,025 
N 20 20 
SOCIAL CONNECTIVITY Correlation Coefficient ,500* 1,000 
Sig. (2-tailed) ,025 . 
N 20 20 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
We have encapsulated them in the Confidence cluster of the motivational design model.  
As far as the other two categories are concerned, Attention and Satisfaction, tests do not 
give evidence of significant correlation between the clustered subcategories, based on the 
answers of the students. In the face of that fact, we run correlation tests among individual 
questions of the questionnaire in each treatment.  We were able to identify enough evi-
dence of the correlation of individual questions within clusters and the relation of ques-
tions in different clusters as the one has a dependent relationship with the other. We report 
these results in the tables below, including questions with significant correlation (p_Value 
< .01 and p_Value < .05).  More specifically Table 14 and Table 15 refer to the Greenfoot 
Treatment. Table 16 & Table 17 refer to the Alice treatment. Moreover, we report an 
interpretation of the relationship between the correlated questions.    
 
Correlation of the Questions in Greenfoot  
Table 14: Correlation of the questions with p-Value less than .01 
 
➢ Q1: Using GreenFoot is fun /Q26: If given the change I want to use GreenFoot 
again (P-value:.001) 
GREENFOOT TREATMENT 
 
Questions 
Sig. 
(2-
tailed) 
Motivational Model (references to ARC’s Model/Guess) 
Q1 Q26 .001 Fun(Attention)⬄ Willingness (Attention) 
Q4 Q13 .006 Interaction, Aesthetics (Relevance) ⬄Fun, Challenging, Active Par-
ticipation (Attention/Perceptual Arousal) 
Q5 Q14 .000 Self-efficacy, Success Opportunities, Personal Control (Confi-
dence/Personal Gratification) + Sense of Wining (Satisfaction /Posi-
tive Consequences) ⬄ Active Participation (Attention) 
Q22 Q24 .003 Challenging (Attention) ⬄ Self-efficacy, Control (Confidence /Per-
sonal Gratification) ⬄ Learning Outcome/Positive Conse-
quences(Satisfaction). 
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Positively Correlated: The two statements are allocated to the Enjoyment subcategory 
of the GUESS and the Attention cluster in the used protocol.   Fun, Enjoyment is a 
principal factor to capture and maintain the students interest and attention. 
➢ Q4: I feel bored while using Greenfoot / Q13: I find Greenfoot graphics satisfac-
tory (P-value:.006) 
Negative Correlation: The more familiar the students feel with the environment (in-
teraction with the environment, Relevance) the more challenging they find it and the 
more active participation is promoted (Attention/Perceptual Arousal)  
➢ Q5: I want to spend more time using Greenfoot that I would have thought in the 
beginning. / Q14: I feel successful when I overcome the obstacles, authoring a 
game/story using GreenFoot. (P-value:.000/Correlation Coefficient: .931) 
Confidence/Personal Gratification (Success Opportunities, Personal Control) leads to 
satisfaction (Natural/Positive Consequences) and eventually to more Attention (Ac-
tive Participation)   
➢ Q8: I feel GreenFoot does not help me understand the concept taught/ Q12.I feel 
constantly motivated using Greenfoot during the learning process (P-value:.049) 
Negative Correlation: Personal Gratification (Challenges, competition) leads to satis-
faction (learning outcomes, positive consequences)  
➢ Q14: I feel successful when I overcome obstacles, authoring a game/story in 
GreenFoot / Q5. I want to spend more time using GreenFoot than I have thought 
I would in the beginning. (P-value:.000/Correlation Coefficient:.931.) 
The more personal gratification they receive (self-efficacy, task completion, over-
come challenges/Success Opportunities) the more confident they become, the more 
satisfied they are (sense of winning) the more attention they pay (active participation)  
➢ Q22: I feel that using GreenFoot trains me well to understand the concept taught. 
/ Q24: I find my programming skills gradually improved through the course of 
overcoming the given challenges. (P-value:.003) 
The more challenged they feel (Attention) the more confident they become overcom-
ing these challenges (Self-efficacy, control, personal gratification), the more positive 
affected they become/satisfied (learning outcome/positive consequences). 
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Table 15: Correlation of the questions with p-Value less than .05 
GREENFOOT TREATMENT 
 
Questions 
Sig. 
(2-
tailed
) 
Coef. 
Cor.  
Motivational Model (references to ARC’s Model/Guess) 
Q3 Q4 ,040 -,625 Usability(Satisfaction)⬄ Active Participation(Attention) 
Q4 Q21 ,040 -,625 Social Connectivity(Confidence) ⬄ Active Participation(Attention) 
Q8 Q12 ,049 -,605 Motivation/Personal Gratification(Confidence) ⬄   Learning out-
come/(Satisfaction)  
Q9 Q16 ,024  Usability(Satisfaction)Creative Freedom(Relevance) 
Q2 ,026 -,663 Play Engrossment(Attention)Usability(Satisfaction) 
Q15 Q18 ,038  Inquiry for help opportunity of social connectivity during pro-
gramming   
Q10 Q24 0,021  There is correlation between questions: 
Q10, Q24, Q14, Q5, Q23, Q25 
Play EngrossmentQ5, Q23] (Attention) Creative Freedom, Aes-
thetics [Q10, Q25] (Relevance) Personal Gratification [Q14, Q24] 
(Confidence) 
 
Q23 0,028  
Q5 0,03  
Q14 0,034  
Q28 0,038  
Q24 Q14 0,016  
Q10 0,021  
Q23 0,025  
Q25 0,028  
Q5 0,038  
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Correlation of the Questions in Alice  
Table 16: Correlation of the questions with p-Value less than .01 
ALICE TREATMENT 
 
Questions 
Sig. 
(2-
tailed
) 
Coef, 
Cor.  
Motivational Model (references to ARC’s Model/Guess) 
Q1 Q6 .000 .962 Creative Freedom/Goal Orientation (Relevance) ⬄ Fun (Attention) 
 
Q4 Q8 ,004  Enjoyment, Active Participation, Fun(Attention)⬄Sense of Win-
ning/Learning Outcome(Satisfaction) 
Q23 ,008 -,847 Correlation of the questions within the same cluster Attention: Play 
Engrossment-Enjoyment  
Q5 Q24 ,004  Play Engrossment(Attention)⬄ Challenges/Personal Gratification 
(Confidence)  
Q13 Q21 ,009  Aesthetics(Relevance)⬄Rules, Control, Ability (Confidence) 
Q16 Q24 ,002  Creative Freedom/Goal Orientation (Relevance)⬄ Success Opportu-
nities/Personal Gratification (Confidence) 
Q26 Q5 ,002  Enjoyment, Willingness(Attention)⬄ Motive Matching(Rele-
vance)⬄Personal Gratification(Confidence) Q10 ,006  
Q16 ,000 ,927 
Q24 ,006  
Q25 ,003  
 
Table 17: Correlation of the questions with p-Value less than .05 
ALICE TREATMENT 
 
Questions 
Sig. 
(2-
tailed
) 
Coef
, 
Cor.  
Motivational Model (references to ARC’s Model/Guess) 
Q1 Q11 ,020  Correlation of the questions within the same cluster Attention: Enjoy-
ment 
Q18 Q1 ,021 -,783 Enjoyment(Attention)  Usability(Satisfaction) 
Q2 ,018 -,796 Play Engrossment(Attention) Usability(Satisfaction) 
Q11 ,042 -,725 Enjoyment(Attention)  Usability(Satisfaction) 
Q4 Q11 ,026 -,728 Correlation of the questions within the same cluster Attention: Enjoy-
ment 
Q11 Q23 ,046   
Q5 Q16 ,022  Play Engrossment (Attention) Creative Freedom(Relevance)  
Q25 ,016  Play Engrossment (Attention) Aesthetics(Relevance)  
Q6 Q18 ,035 -,742 Creative Freedom(Relevance)Usability(Satisfaction) 
Q7 Q11 ,033 -,707 Enjoyment(Attention)  Usability(Satisfaction) 
Q8 Q19 ,024 -,737 Personal Gratification(Confidence)Learning Outcome(Satisfaction) 
Q9 Q28 ,031  Correlation of the questions within the same cluster Usability: Satis-
faction 
Q10 Q19 ,027  Creative Freedom(Relevance)Personal Gratification(Confidence) 
 Q24 ,044  
Q12 Q13 ,041  Correlation of the questions [Q12, Q13] within the same cluster Confi-
dence: Personal Gratification + Social Connectivity  Q20 ,041  
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Q21 ,040  Personal Gratification(Confidence) [Q13, Q25, Q20] Aesthetics, 
Creative Freedom(Relevance) Q25 ,050  
Q15 
 
Q24 ,037  Correlation of the questions within the same cluster Personal Gratifi-
cation, Social Connectivity: Confidence 
Q16 Q25 ,013  Correlation of the questions within the same cluster Creative Freedom, 
Aesthetics: Relevance 
Q18 Q19 ,042 -,725 Personal Gratification(Confidence)Usability(Satisfaction) 
Q18 Q13 046  Usability(Satisfaction)Aesthetics(Relevance) 
 
 
Question with Differences Between the two treatments  
In research for the reasons that make Greenfoot a preferable tool among the students dur-
ing learning procedures, according to their answers, we report the correlation between the 
questions for each treatment, that signified differences between the two environments.  
The results of this analysis are shown in Table18 and Table19, for each treatment. 
Treatment=Greenfoot 
 
 
Treatment=Alice 
Table 19: Correlation of the questions Q28, Q2, Q14 for Alice 
 
Questions 
Motivational Model (references to ARC’s Model/Guess) 
Q28 Q9 Usability(Satisfaction) 
Q2 Q18 Negative Correlation: Play engrossment(Attention) vs Usability 
Q14  No significant correlation with the other questions  
 
From the two tables, Table18 and Table19, we may conclude that, on the one hand stu-
dents find in Greenfoot an environment that provides opportunities for fitting their needs, 
hence giving them a sense of familiarity and goal orientation. The easiness of manipulat-
ing the interface of Greenfoot, the motivation matching and the feeling of success that 
students perceived as the reward of their efforts and their capability to control their 
knowledge, creates a sense of willingness to use the tool again and a positive impact in 
learning opportunities within the tool. On the other hand, in Alice-group, although stu-
dents claim that they were feeling motivated by the environment, emotional factors as 
“feeling tired” or “success” seem to contribute in the resulting low interest of the students 
Table 18: Correlation of the questions Q28, Q2, Q14 for Greenfoot 
 
Questions 
Motivational Model (references to ARC’s Model/Guess) 
Q28 Q10 Motive Matching, Creative freedom (Relevance)⬄ Usability(Satisfaction) * 
Q2 Q9 Usability(Satisfaction) ⬄ Play Engrossment (Attention) 
Q14 Q5 Self-efficacy, Success Opportunities, Personal Control (Confidence/Personal Gratification) + 
Sense of Wining (Satisfaction /Positive Consequences) Active Participation (Attention)   
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to use Alice again. Student’s success opportunities within Alice environment, fail to pro-
mote positive feelings towards the environment so as to result in an overall satisfaction 
and stimulate them enough to use the environment in the long run.    
4.2 Qualitative results 
In this subsection, we are going to provide some insight from the perspective of the tutors 
based on their observations during the experiment, and the implementation of the final 
project. These thoughts were discussed at the end of each unit, in short meetings including 
tutors and researchers. They were valuable tools for many adjustments during the exper-
iment in order to facilitate the knowledge for the students. Adjustment seemed to be nec-
essary despite the fact that students have already had experience in procedural program-
ming.  
Visualization of code seems to be a powerful tool for the students to self-monitor the 
results of their coding and their progress in general. It is a supportive tool for the tutors, 
too. To allow students, visualize the result of their code execution it is a necessity even 
for the students that already have experience in coding.    
Creativity, imagination and the application of already conquered experiences derived by 
the digital games domain seems, in both groups -Alice and Greenfoot -, beneficial for the 
students, so as to further explore their capabilities in coding by themselves. It was obvious 
that students needed to express their interest within their project and in any given chance 
they added their own ‘flavor’ in the scenarios. This was a strong motive so to proceed in 
more complex construction and accordingly gain knowledge in more advance concepts.   
From on hand, according to the tutors Alice’s 3D environment perceived by the students 
as an attractive one. At the beginning of the experiment, Alice managed to capture the 
interest, even of the students who had low interest and performance in programming in 
general. Unfortunately, as the concepts gradually advanced these students lost their inter-
est. According to the tutors, this was due to their previous mistaken belief that they would 
not probably manage to apply what they had learned. Lack of interest to invest time in 
coding or to the computer discipline in general, was another reason for students to con-
sciously deny engaging in learning activities. Alice block-based language did not seem 
enough to maintain the interest of the students with low performance in programming in 
the long run. Greenfoot was more straightforward. Students that they were interested from 
the beginning, maintain their interest in the duration of the experiment. Again, there were 
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students that declared their denial in proceeding with coding, illustrating the prejudice 
even among students attending the IT department that programming is a hard task.   
On the other hand, in both cases, it was obvious that students who already have high 
interest in coding maintain their interest throughout the experiment, and eventually their 
performance and contribution on the final project was predominant. The two environ-
ments engaged them during the learning process and facilitated their comprehension of 
the concepts taught as the students managed to utilize this knowledge in order to complete 
the partial implementation that was given to them as a final project. Students use only one 
treatment, so we are not able to measure the level of their improvement comparing the 
two cases, something that is proposed as a subject for further investigation, but according 
to the tutor’s observation, the two environments improve and increase their already high 
performance in coding. 
It was reported that sometimes in Alice group, the effort or the failure of making the 
object move into the scene took the interest of the students away from the concept taught. 
In the same time, managing to code successfully in Java IDE using Greenfoot, gave a 
sense of winning and success to students and motivate them to invest more time in coding 
with Greenfoot. 
Finally, based on the final project and the observation on behalf of the tutors during the 
experiment, managing the properties of an object was the hardest part. Even after the 
tutorials and the assessments, students failed to use the properties of an object as a means 
to manipulate its interaction with its environment.  It is indicative that according to the 
requirements of the final project a car should accelerate when the user presses the space 
button. In both teams, students prefer to develop a new method rather than use the speed 
property of the car, to further increase the car’s speed.   
During the final meeting, students in both cases expressed their appreciation for the use 
of the two environments for learning purposes. They considered it to be a “fun” experi-
ence. In both sub-groups, there were students that express their doubts for the usage of 
the two environments to develop games, regardless of their performance. They say that 
they would prefer to use a more “professional” tool to build a game.     
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5  Conclusions 
 In this thesis, we conduct an empirical research, comparing the efficiency and effective-
ness of two well-known DGBL tools for teaching/learning Object Oriented Programming 
Fundamental Concepts in Secondary Education. For the purpose of this experiment, we 
recruited 20, 17-years-old students, all attending in senior high school, in a vocation/tech-
nical school in the IT department, Software Application specialty. The two DGBL tools 
used were Greenfoot and Alice. The learning method that was used is learning by using 
game related tools and the teaching approach was object-first. Data collection was done 
through the development of a final game and questionnaires.  
In addition, in this thesis we propose a framework for the evaluation of a DGBL tool. The 
evaluation framework proposed and used, is based on the motivation design model. The 
motivation design model is a proposed framework for the implementation and evaluation 
of an educational game and it utilizes the four key attributes of Keller’s ARCS model 
enhanced with game features.  
In our empirical research we use a quality game assessment scale, the GUESS, for data 
collection. We proceed with alterations in the GUESS, for the scale to fit in our experi-
ment, meaning to be used for a DGBL tool rather for a game and be suitable for high 
school students and not for adults. We cluster the statements in the scale in 7 and not 9 
sub-categories as proposed by the authors of the GUESS. Finally, we assign these 7 sub-
categories, to the four categories of the motivational design model.    
The statistical analysis shows that Greenfoot is a preferable tool over Alice for teaching 
Object Oriented Programming Concepts in senior high school students, who already have 
programming experience using procedural language.  Our sample was a small one, and 
that is a not a contributory factor for drawing absolute conclusions. In no case does our 
experiment shows that Alice is unsuited for delivering learning outcomes or for engaging 
students throughout the learning process. Results show that the efficacy of the two tools 
are almost the same, with no significant difference between them. The same applies to 
the competence of the two tools to promote positive learning attitudes. We identify that 
“feeling tired” and “successful”, is perceived differently from the students in the two 
groups. It seems that the two emotional states were the key factors for Greenfoot to gain 
the advance over Alice in our experiment.  
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Moreover, pedagogical scenarios followed by the tutors during the experiment had the 
same learning objectives. But the implementation of these scenarios relies not only on the 
efficacy of the two DGBL tools but on the practitioners too. Alice and Greenfoot are not 
games but software products for developing a game. So, the competence of each one to 
engage students and promote positive learning attitudes, it relies not only on the environ-
ment but on how the practitioner of the DGBL uses these tools.  DGBL environments are 
supportive tools for the tutors to use in order to promote learning attitudes and convey 
Knowledge. We cannot underestimate the role of the practitioner. We should not even 
underestimate the prejudice regarding the role of a game or the meaning of coding, on 
behalf the students. There were some opinions in Alice group that even though it was a 
pleasant experience they would have wanted to use a more “serious” environment to de-
velop a game, maybe something that includes texting code rather than using blocks to 
develop a project.  
This thesis proposes a protocol for the evaluation of the a DGBL software, too.  Tests that 
have been conducted, based on the answers of the students equipped during our experi-
ment, shows some positive evidence of the efficacy of the proposed protocol. As a result 
of this protocol a new scale has been introduced. Although this scale is the product of the 
refinement of the GUESS, so as to be suitable to measure not only the usability or satis-
faction of a DGBL tool but also the learning outcomes and conversions in learning atti-
tudes, it is obvious that further adjustments must be done to the scale. More specifically, 
the scale must be 4-likert and not 5-likert. The high number of neutral answers in many 
questions was not helpful at all in our effort to draw conclusions. Negatively worded 
statements must be replaced by positively worded statements in order not to confuse stu-
dents. The same applies to complex statements which are in need for further word pro-
cessing, so as the question behind the statement to be absolutely clear for the students.   
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ΜΕΡΟΣ 3: ΑΞΙΟΛΟΓΗΣΗ ΜΑΘΗΣΙΑΚΟΥ ΣΤΟΧΟΥ (ALICE/GREENFOOT) 
 
1. Καταγράψτε την ιεραρχία της κλάσης (υπερκλάση,υποκλάσεις) Automobile, του έργου/παιχνιδιού που κατασκεύασε η 
ομάδα σας. 
 
 
 
 
 
 
2. Έστω ότι στο έργο/παιχνίδι που κατασκεύασε η ομάδα σας  τοποθετείται ένα δεύτερο εχθρικό αυτοκίνητο (ένα 
δεύτερο αντικείμενο της κλάσης SportsCar). Τι ξέρει να κάνει αυτό το αυτοκίνητο; Γιατί έχει τις δεξιότητες αυτές;  
Γιατί ………………………………………………………….. 
………………………………………………………………… 
 
 
 
 
 
 
 
 
3. Καταγράψτε μια καινούρια ιδιότητα που προσθέσατε στην κλάση SportsCar.  
 
…………………………………………………………………………………………. 
a) Ποια συνάρτηση χρησιμοποιείται για να βάλετε τιμή στην ιδιότητα αυτή; :…………………… 
b) Ποια συνάρτηση χρησιμοποιείται για να χρησιμοποιήσετε την τιμή της ιδιότητας αυτής;:……………….. 
c) Έστω ότι θέλετε ο χρήστης του παιχνιδιού σας να ορίζει το χρώμα του αυτοκινήτου SportsCar στην αρχή κάθε 
παιχνιδιού.  
Τι από τα παρακάτω θα κάνατε : 
 
1. Θα χρησιμοποιούσα ένα νέο αντικείμενο της κλάσης SportsCar 
2. Θα χρησιμοποιούσα  μια νέα ιδιότητα για την κλάση SportsCar 
3. Θα χρησιμοποιούσα την ιδιότητα Paint στο Setup Scene για να αλλάξω χρώμα στην κλάση SportsCar 
  
4. Συμπληρώστε τον παρακάτω πίνακα βάζοντας ένα √ στην στήλη που ανήκουν ή που αποδίδουν καλύτερα τις λέξεις 
/φράσεις της στήλης Α: 
 
 
 
 
 
 
 
 
 
 
ΣΤΗΛΗ Α ΒΑΣΙΚΕΣ ΕΝΝΟΙΕΣ  TOY ΑΝΤΙΚΕΙΜΕΝΟΣΤΡΑΦΟΥΣ 
ΠΡΟΓΡΑΜΜΑΤΙΣΜΟΥ (OOP) 
Υπερκλάση  
(SuperClass) 
Υποκλάση 
(SubClass) 
Αντικείμενο  
(Object) 
Ιδιότητα  
(Property) 
Μέθοδος  
(Class 
Method) 
πως φαίνεται ένα αντικείμενο      
τι ξέρει να κάνει ένα αντικείμενο      
καλούπι/πρότυπο      
αντίγραφο      
τι μαθαίνει να κάνει ένα αντικείμενο      
κύκλος      
γεωμετρικό σχήμα      
διάμετρος      
σχηματίζω κύκλο με κέντρο Ο  και ακτίνα x 
cm 
     
κύκλος(Ο,5)      
